Introduction
The Health of the Nation set targets for reducing mortality from coronary heart disease and advocated changes in lifestyle, particularly in smoking and diet, to meet them.' This strategy is potentially an important step forward for public health in England. Changes in lifestyle, however, are likely to be effected to differing degrees in different subgroups of the population. The evidence suggests that this variation may have previously resulted in increased social differences in mortality from coronary heart disease and other diseases. If improvement in disease rates occurs only among the more wealthy sections of the community the health targets will be harder to achieve for the whole population and progress towards the World Health Organisation's goal of equity in health will be retarded.
Action to achieve health targets should therefore take into account social variations in disease for two reasons. Such variations may allow effective targeting of groups at higher risk, and an understanding of their causes may suggest ways of preventing them. One way to understand the causes is to examine the extent to which variations in mortality in small areas are related to socioeconomic factors. Socioeconomic status is a powerful predictor of mortality in individual people." Social variables related to social deprivation also predict geographical variations in mortality.-8 Using data from 8464 electoral wards in England, we analysed the relationship for each ward between social deprivation and premature mortality (under 65) from all causes, coronary heart disease, and smoking related disease. Our aims were to measure (a) the extent to which deprivation predicts mortality and (b) the possible benefits of improving life circumstances.
Methods
We initially used three different measures of social deprivation: the Carstairs index,' the Townsend index,8 and the underprivileged area score.9 Table I shows the variables used in these indices. Data on socioeconomic variables for each ward were obtained from the 1981 census (SASPAC)9a and collated; the three social deprivation indices were calculated by using transformed summated normal scores of each component as published.7`9 Increasing scores indicate greater deprivation in all three indices.
Mortality statistics for England between 1981 and 1985 were obtained from the Office of Population Censuses and Surveys. Numbers of deaths from all causes, coronary heart disease, and smoking related Only the deaths of people under the age of 65 were considered for analysis of mortality from all causes and coronary heart disease. Only the deaths of people aged 35 to 64 were considered for analysis of mortality from smoking related diseases on the assumption that death under the age of 35 is unlikely to be attributable to smoking.
As populations with a larger proportion of older subjects will have higher death rates, variations in the population structure of different wards must be taken into account. Mortality in a ward was expressed as a standardised mortality ratio with the death rates for England and Wales as the standard rates. A value over 100 indicates more deaths and a value less than 100 fewer deaths than expected if the mortality in every ward was the same as that in England and Wales. Data on men and women were analysed separately. A X2 heterogeneity test was used to examine regional differences in standardised mortality ratios.
Regional values of social deprivation were calculated from the mean of ward values. The relationship between social deprivation and mortality was investigated by the use of scatterplots, weighted correlation coefficients, and weighted linear regression for each region separately. The logarithmic value of the standardised mortality ratio was used because the simple ratio has a positively skewed distribution and because it allows the effects of several variables on mortality to be examined if a multiplicative model is assumed." Although the number of people resident in most wards is reasonable (median value 4330 residents), we used a weighting factor because standardised mortality ratios in some wards were based on few events. Use of a weighting factor diminishes the importance of ratios from small wards, which may distort the results because of random error.'2 The observed and expected numbers of deaths were used as possible weighting factors, but all the results presented have used expected deaths as the weighting factor. To measure the possible effects of social deprivation on mortality a standardised regression effect was calculated for each region. This describes the percentage change in mortality associated with one standard deviation change in deprivation score. As this varies for each region, the value of the standard deviation for all of England was taken, thus enabling a comparison across regions. The regression coefficients for men and women in each region are shown in the appendix.
The methods assume that the relation between deprivation and mortality is linear. To avoid this assumption we also examined mortality in five equal groups of wards ranked by their deprivation score. The standardised mortality ratio for wards in each group was then plotted against the average social deprivation score for that group, allowing the relationship between social deprivation and mortality to be assessed for each region. The weighted correlation coefficients linking di vation to mortality, in general, produced similar vC for all three deprivation scores. Overall, the Town score had slightly higher coefficients for more reg but the differences were small (further details avail from us). In England overall the correlation coe ents for the Townsend, Carstairs, and ur Increasing deprivation -.
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Increasing deprivation P.-Townsend index Relation between premature mortality from different causes in men and women and degree of depriz divided into fifths forfive representative regions .epri-priviledged area scores were 0 65, 0-65, and 0-60 for all alues causes in men; 0 55, 0 55, and 0 50 for all causes in vsend women; 0 45, 0 46, and 0 39 for coronary heart disease gions in men; 0-42, 0 43, and 0-32 for coronary heart disease lable in women; 0-63, 0-62, and 0-56 for smoking related ffici-diseases in men; and 0 55, 0 55, and 0-46 for smoking ider-related diseases in women. For clarity only the Townsend score is shown in all further results. nies of Table IV shows the weighted correlation coefficients for the Townsend score and deaths from all causes, coronary heart disease, and smoking related diseases. Coefficients were high for deaths from all causes and smoking related diseases and were smaller for coronary )men heart disease. In general, the coefficients were larger 8-4 a-d). Each regional profile of mortality from all causes for women was similar to that of men, and the profile for smoking related diseases in men was similar to that of women, so these are not shown in the figure. Some regions showed a greater increase in premature mortality with deprivation, reflecting the differences in the standardised regression effects (table V) . The greater effect of deprivation on mortality from coronary heart disease in women is seen by comparing parts c and d of the figure. In addition, at any given level of deprivation -for example, a Townsend score of zero-apparent regional differences in mortality remained. For exi ample, throughout the range of deprivation the North Westem region had higher standardised mortality 7 8 ratios than the Midlands region, which in tum had higher ratios than East Anglia region. Even when two regions had a similar profile of deprivation-for example, South Westem and East Anglia-this shift persisted.
In general, the regional pattems were parallel. In women, however, the pattems in South Westem and East Anglia regions progressively diverged (figure; b). In affluent wards death rates were almost identical in the two regions, but the effect of increasing deprivation ,-.> in South Westem region seemed to be greater than it fflJ was in East Anglia. Death rates in less affluent wards in All the indices of social deprivation showed a remarkably similar degree of prediction within regions; for mortality from all causes and from smoking related diseases, they accounted for a fair proportion of the variation.
The association between area deprivation scores and mortality from coronary heart disease was weaker than for mortality from all causes and smoking related diseases. The expected and observed numbers of premature deaths from coronary heart disease in a ward were small. Therefore random variations in the number of deaths will have a disproportionate effect on the mortality ratio. This will reduce the apparent association between deprivation and mortality and may partly explain our findings. The same argument will apply when mortality in men and women is compared. For all three categories of mortality the number of women dying was much smaller than the number of men. For example, 1-7 times more premature deaths occurred in men than in women. The standardised regression effects for coronary heart disease were greater for women than for men in all regions except East Anglia. This suggests that deprivation may have a greater effect on coronary heart disease in women than men and is more pronounced in the north than the south. This is consistent with other research on sex differences in mortality and widening social inequalities based on social class.2 Possible clues to explain this observation come from sociological research. A qualitative study examining women with low incomes caring for preschool children suggested that the women's main way of coping with poverty was by sacrificing their own needs. 23 Perhaps this results in a greater effect on a woman's risk of coronary heart disease.
REGIONAL VARIATIONS IN SMOKING RELATED

MORTALITY
Regional variations in mortality from smoking showed an increase in mortality from the south to north of the country. Regional differences in the prevalence of smoking from the 1982 general household survey crudely support this pattern, the highest prevalence being in the Northern region (41%) and the lowest in East Anglia (30%), with little variation in the other regions. 24 Of course, contemporary mortality should reflect earlier smoking behaviour, for which we have no reliable information. The results for mortality from smoking related diseases were similar to those for mortality from all causes. If deaths from smoking related diseases were a large proportion of all deaths the association between deprivation and mortality from all causes might reflect the association between deprivation and smoking rather than other effects of social deprivation. In fact, deaths related to smoking as calculated in this study, accounted for around 31% of all deaths in men and 21% of all deaths in women.
Smoking is therefore unlikely to be the sole explanation of the link between deprivation and mortality, and other evidence suggests that the relationship between socioeconomic status and mortality is similar whether or not death is associated with smoking.3 The reason for the surprising sex differences in death from smoking related diseases in the north and south of England is not clear. They may reflect differences in smoking behaviour, confounding by other variables, or an interaction between smoking and area.
POSSIBLE EXPLANATIONS FOR REGIONAL VARIATIONS IN
SLOPE
Regional variation in the degree to which deprivation predicted mortality and the strength of the relation could be explained in three ways. Firstly, variations in the correlation coefficients may be a statistical artefact as regions with a narrower range in deprivation also had lower coefficients-for example, East Anglia and South Western. This is a plausible suggestion as the narrower range of deprivation score for some regions would be expected to reduce the correlation coefficients. It does not, however, explain the differences in the effects of deprivation on mortality. South Western region, with a narrow range of deprivation, had one of the largest gradients, and Merseyside, with a wide range, had one of the smallest.
Secondly, the indices have a different social meaning in each region and thus measure deprivation to a differing degree. In some areas council flats may have been sold cheaply and housing tenure may be a less sensitive measure of wealth. Also, these indices correlate better in urban areas than in rural areas.8
Other variables, such as the presence of central heating or double glazing, may be more sensitive indicators of variations in socioeconomic conditions for these areas. This is analogous to the steeper gradient for mortality when individuals are classified not only by social class but also by car ownership and housing tenure. 5 Finally, other factors have not been taken into account. In some areas deprivation may be a better marker for other factors affecting mortality. This may vary by region and thus alter the strength of the relation between deprivation and mortality.
We found that differences in mortality between regions were not explained entirely by their deprivation scores. Mortality from smoking related diseases in East Anglia was lower than that in the Midlands and South
Westem regions at any level of deprivation.iTo what degree these differences reflect the role of other factors unrelated to deprivation or the two other reasons given is not clear. The interaction between deprivation and region is interesting and deserves further investigation. To summarise a ward by a single score simplifies what is a complex phenomenon. Even wards with similar scores differ in the values of the composite variables. Areas with similar deprivation scores but different death rates may differ in many other aspects, and detailed analyses of anomalous areas may illuminate interesting differences. 25 We have examined only the relationship between deprivation and mortality. Associations between deprivation and measures of ill health have also been noted.78 26 Similar results are likely with measures such as years of potential life lost27 and years free of disability. 21 Our results for all three categories of mortality support other work showing the relative nature of deprivation.73 The relationship between deprivation and mortality was fairly continuous and was seen throughout the range of deprivation. Areas that in reality would not be labelled as deprived, still had higher mortality than the most affluent areas. Although, intuitively, increasing affluence may not be expected to have a continuous effect on mortality, this was not seen in this dataset. We therefore suggest that deprivation should be seen as comparative, with no specific threshold.
IMPLICATIONS OF THE HEALTH OF THE NATION
Proposed national targets for mortality from coronary heart disease make limited reference to geographical or social variations.' Social variations should not be ignored. Firstly, even if national targets for mortality from coronary heart disease and other diseases are met, current geographical or social differences may persist or increase. More favoured areas may be greater beneficiaries of health promotion than less favoured areas. The use of social deprivation scores has been suggested in modifying national to local targets. Secondly, one way of achieving national targets would be to reduce geographical and social variations. In other words, these targets could be achieved if the mortality of the least favoured areas could be reduced to the level of the more affluent. A shift in social deprivation for some regions may be associated with a reduction in mortality in line with or greater than current targets if areas currently rated in the worst third of the region could join those currently in the best third.
This research does not prove that the association between deprivation and mortality is causal, but it must be interpreted with the body of evidence on the effects of socioeconomic status on health. Geographical correlations between current deprivation and mortality have also been seen with earlier infant mortality.303' Relative deprivation may act throughout an individual's life course from the intrauterine environment to adulthood. The role of factors beyond the individual but relating to communities is harder to examine or measure. Some evidence exists to support the importance of social cohesion, family stability, and community solidarity in influencing mortality. 32 How deprived areas should be targeted and what the most appropriate interventions are cannot be answered from our work. The traditional focus on individual risk factor modification has broadened to take on areas such as the social environment with, for example, the "Healthy Cities" project.33 Social directed policies such as improving child benefit and pensions and providing employment opportunities and good quality housing may also have a major impact.34 The potential for reducing mortality associated with deprivation is immense and remains a future challenge to all involved in public health.
We thank the Health Education Authority for funding ME as research fellow in epidemiology to work on this project. We also thank Madhavi Bajekal, department of general practice, St Mary's Hospital, London, for providing data on ward deaths and populations and census data, and Christine Callum, Health Education Authority, for the method in determining the smoking related deaths. Fiona Blythe was involved in the initial literature review. Professor B Jarman and the anonymous assessors provided useful comments. YB-S is funded by a Wellcome fellowship in clinical epidemiology. BMJ VOLUME 307 social activity,7 and bereavement8 have all been associated with increased death rates in prospective studies. The concept of emotional stress enters either implicitly or explicitly into most of this research. When examined in epidemiological and clinical investigations life stress may be defined as the numerical accumulation of major life events." Stress may result either from stressful events in themselves or the person's perception of them. Social support has been suggested to moderate the impact of stress through a buffering effect."' II Life events as a measurement of extemal life stress was a predominant feature in the research on the influence of stress one or two decades ago.'2 Early retrospective studies showed adverse life events to be related to various forms of ill health,'3-'6 but prospective studies have yielded conflicting results.'7121 Most studies have been conducted in selected populations, and not many have used mortality from all causes as an end point. In recent years interest has shifted towards other psychosocial factors as sources of stress.
Appendix
To assess the impact of life events on mortality we have investigated data from a cardiovascular survey in middle aged men. In addition to conventional cardiovascular risk factors, the study protocol included questions on several psychosocial factors. Our main hypothesis was that life events predict mortality. In a secondary analysis we investigated whether the potential effect of life events on mortality varied according to level of social support.
Subjects and methods
STUDY POPULATION
In 1983 a random sample was drawn ofhalf of all men in Gothenburg who were born in 1933. 26 The 1016 men in the sample, all ofwhom were 50 years old, were invited to a health examination; 776 men (76%) responded.
